Introduction
Gentiana dinarica Beck. is a sub-alpine perennial, restricted to several high-positioned, isolated locations at the Dinaric Alp mountain range of the Balkan peninsula. It prefers open, highly insolated plains with carbonate soil. It is member of the Acaulis group of Gentians which produce a mat of green leaves above the soil surface and short stems bearing large trumpet shaped flowers ( Figure 1a ). In Serbia it was found on a single location on the Mt. Tara in 2005.
G. dinarica is the recalcitrant species of western Balkan Gentians which up to now could not be established and maintained in vitro. Our previous attempts failed since the seeds used in these trials were not viable and did not germinate. The propagation procedure that we present here is a classic micropropagation technique based on the use of axillary buds as the starting material. In general, this procedure is similar to procedures which are in use for other Gentiana species. G. dinarica differs by having a high potential for spontaneous adventitious rooting which was evident on both the plant growth regulator-free medium and on the media supplemented with BA.
In vitro culture techniques have been thorougly elaborated for all major Gentian species of Europe and Asia. Among them G. lutea, considered the most pharmacologically important European species, has been thoroughly studied [1] [2] [3] [4] [5] [6] . Conditions for in vitro propagation have also been well defined for G. punctata [7] , G. cruciata, G. acaulis and G. purpurea [3, 8, 9 ] G. pneumonanthe [2] . In Chinese folk medicine, Gentiana species are considered as important; therefore, Asian species have also been well investigated (G. kurroo [10] ; G. tibetica [11] ; G. davidii [12, 13] ). Many varieties of G. triflora have been investigated due to their ability to flower under in vitro culture conditions [14, 15] and their differences in ploidy levels [16] . There is a simple procedure for fast in vitro propagation of horticulturally important WSP-3 (G. triflora x G. scabra) in bioreactors [17] . Somatic embryogenesis has also been successfully used for in vitro propagation of several Gentian species, including G. kurroo and others [18] . Detailed bibliography of in vitro culture, biotechnology, and propagation of Gentianaceae can be found on the website www.gentiana.pl.
Adding G. dinarica to our shoot culture collection of endangered plant species and as a working micropropagation protocol offer a new approach to its ex situ conservation.
Experimental Procedures

Culture initiation and growth conditions
Cultures were established from plant material collected in May 2005 on Mt. Tara, which is situated in western Serbia (≈1300 m). Small axillary buds 2-5 mm long forming at the base of plant rosette were used as primary explants. They were surface sterilized in 70% ethanol with a drop of Tween for 1-2 min, followed by 20-30 min in 15% commercial bleach (4-5% NaOCl), and rinsed 3-5 times with autoclaved distilled water. Primary explants were placed individually in Ø 20x100 ml test tubes with 10 ml of medium for shoot initiation. Shoot multiplication, culture maintenance, and rooting were done in 100-ml wide-neck Erlenmeyer flasks with 40 ml of media and cotton-wool plugs. Other types of culture vessels including Magenta GA7 vessels, glass baby food jars with Magenta B closures, and various glass flasks and test tubes with polypropylene closures were IBA (indole-3-butyric acid, Sigma-Aldrich). In some rooting treatments MS medium was replaced with WPM (woody plant medium) [20] . In other rooting treatments shoots were first shortly exposed to rooting medium with IBA and then transferred to plant growth regulatorfree medium. These treatments included 2.0, 3.0 or 5.0 mg l -1 IBA applied for 7, 10, or 15 days, and 25 and 50 mg l -1 IBA applied for 24 h prior to transfer to plant growth regulator free medium.
Liquid medium used for rooting was prepared in the same way as the agar solidified medium but without addition of agar. Test tubes (Ø 20x100 mm) with liquid medium contained 0.7 mm thick stainless steel wire explant supporters, fixing the shoot explants so that only the basal shoot portion was immersed in the liquid medium.
Antibiotics tested for suppression of bacterial contaminations added to shoot multiplication/ maintenance medium included klimicin 350 mg l -1 (Lek, Ljubljana, Slovenia), dioxycycline 150 mg l -1 (Dovicin ® , Galenika, Belgrade, Serbia), streptomycine 500 mg l -1 (Galenika, Belgrade, Serbia), and peniciline 100-500 mg l -1 (Ampiciline, Panfarma, Belgrade, Serbia). Antibiotics were added to the agar solidified medium medium after autoclaving and their effect was followed through subsequent subcultures on media without antibiotics.
Explants used for subculturing and setting experimental treatments were 7-10 mm long axillary or apical shoots (shoot outgrowths) activated in the previous subculture. The multiplication index was calculated as the number of activated shoots longer than 2.0 mm produced per explant. Shoot cultures were established from primary cultures in 2005 and they are still maintained in our in vitro collection with regular subculturing at 35 day intervals. Subculture treatments dedicated to shoot multiplication, elongation and rooting were repeated at least three times and they were scored after 35 days. Treatments aimed at curring recurrent infection outbrakes were done with actively growing cultures in the shoot multiplication/maintenance stage.
Conditions of the growth room: Cultures were grown at 25±2°C in a controlled environment room illuminated with cool-white Phillips fluorescent lamps providing 35-45 µmol m -2 s -1 under a 16-h (long day) photoperiod.
Statistical analysis
Shoot multiplication and rooting stage treatments were set with 25-30 shoots, 7-10 mm in length. They were replicated 2 to 5 times and scored after 35 days. Followed parameters included shoot multiplication and elongation, rooting and callusing percentages, roots per rooted culture, and longest root length. Statistical analyses were performed using StatSoft Statistica software version 6.0. Data were subjected to Analysis of Variance (ANOVA), and the obtained means were compared using Fisher's LSD test at P≤0.05. Percentage data in Figure 2 were subjected to angular transformation before analysis and inversely transformed for presentation.
Results and Discussion
Culture establishment
Shoot cultures were established from 250 axillary shoot buds placed on initiation medium containing MS salts, 2% sucrose 0.5 mg l -1 BA and 0.1 mg l -1 NAA. Following the surface sterilization procedure, only 15 (6%) initial explants were found to be free of contaminations. Bacterial contaminations were registered in 43 (17.2%) explants while the remaining 192 (76.8%) explants perished from fungal contaminants.
Recurrent outbreak of infections forced us to improve the health status of the initial shoot culture stocks. Several approaches were investigated including repeated surface sterilization, and addition of antibiotics. The best results were obtained by frequent sampling and re-culturing of apical bud/shoot portions of well developed cultures used for shoot culture maintenance. In this procedure only small apical shoot portions with leaves (1-2 cm in length) located under the flask closures were excised and removed from the culture vessel at the end of subculture. The lower culture portions and the medium layer were neither removed from culture vessel nor disturbed in any way. Efficiency of apical bud removal in production of healthy plantlets in the first subculture was 58.7% and recurrent contaminations in these healthy cultures did not occur.
Dioxycycline and klimicin were harmful to shoot cultures in the tested concentrations and they can not be recommended. Treatments with streptomycin and penicillin (provided alone or in combination) after 4 successive subcultures to media without antibiotics provided 27.17% plantlets scored as healthy in a group of 350 treated explants. Healthy cultures provided by antibiotic treatments were also free of recurrent infections. Repeated surface sterilization treatments could not solve the problem of reccurent endogenous infections. NAA, respectively (Table 1 ) (Figure 1b) . The low shoot multiplication index was connected with the slow growth of shoot cultures, and it took more than a year just to scale up the shoot cultures stock to a size suitable for setting shoot multiplication and rooting experiments. Shoot multiplication was often accompanied by spontaneous root formation since BA did not inhibit root initiation and development. Thus shoot multiplication and rooting are not clearly separated propagation stages in G. dinarica. Low shoot multiplication values of G. dinarica were similar to those reported for G. acaulis [3] . For most Gentiana species shoot multiplication requires a somewhat higher, 2.0-2.5 mg l -1 concentration of BA as reported for G. lutea, G. cruciata, G. purpurea, G. acaulis [3] , G. kurroo [10] , G. davidii [12, 13] , G. pneumonanthe [21] , G. scabra [22] , and G. asclepiadea [23] . However, different BA concentrations were recommended even for the same Gentian species, as in case of G. lutea [1] . Yet, in other species the BA requirement for shoot multiplication can be lower as in case of G. punctata [7] or G. cerina and G. corymbifera [24] where it was set up at 0.5 mg l -1 . The shape of G. dinarica shoot cultures depended on the BA concentration of the medium. At low BA concentrations (less than 0.2 mg l -1 ) explants developed into long well elongated shoots while at 1.0 mg l -1 or higher BA concentration short, compact rosettes were produced (Figure 1c ). All shoot types had wellformed leaves. There were no signs of apical or leaf necrosis, hyperhydiricity, or other physiological disorders characteristic for conditions of in vitro culture. Some callus formation at the shoot base did occur at at 0.5 mg l -1 or higher BA concentrations In general the elongation of rosette types of cultures was low but rossetes at basal internodes had well formed axillary buds providing modest shoot multiplication. These steady growing rosettes were also easy for handling and subculturing. Culture vessels tightly closed with polypropilene closures induced development of slender, elongated, light green shoots which were fragile and not suitable for maintenance and further propagation.
Shoot multiplication
Presence of BA did not completely inhibit root initiation but the percentage of rooted plantlets was stil in negative correlation to the BA concentration. We observed that BA actually induced epinasty of lower leaves, which often pushed the whole shoot above the medium. These cultures, which were in contact with the medium only by epinastic leaves, were always rooted (Figure 1d ).
Rooting
Rooting was the most sensitive propagation stage of G. dinarica, which required healthy cultures and a lot of empirical testings until a suitable rooting procedure was achieved. Plant growth regulator (PGR)-free medium supported rooting in nearly 1/3 shoot explants but the number of roots per culture was low, 2.31-2.94 per shoot (Table 2) . In rooting ability, G. dinarica resembles G. scabra [21] and G. davidii [13] , which both manifest good rooting on PGR-free medium. In other Gentian species rooting requires supplementation with exogenous auxins. We tried to improve rooting with brief IBA application followed by transfer to PGR-free medium. Such treatments were recommended for rooting in G. lutea, G. punctata, and G.tibetica [3, 4, 7, 11] . Treating shoots for 24 h with 50 or 25 mg l -1 IBA followed by a transfer to PGR-free medium provided 30.9% and 13.9% rooting, respectively. Similar low rooting percentages were obtained when explants were treated with 2, 3 or 5 mg l -1 IBA for 7, 10 or 15 days and then transfered to hormone free medium.
Continual exposure of shoot explants to media supplemented with 0.1-2.0 mg l -1 IBA also resulted in poor rooting, hardly exceeding 30%. Since rooting in G. dinarica could not be improved by plant growth regulator optimization we tried decreased mineral salt and carbohydrate nutrition (Table 2, Figure 2 ).
From Table 2 it is evident that decreased mineral salt nutrition was critical, significantly increasing the percentage of rooted cultures. The reduction of sucrose concentration from 3% to 2% was also beneficial but only in combination with decreased mineral salt concentration (Table 2) . However, the ANOVA analysis in Table 2 indicated that each of the three investigated factors (IBA, MS and sucrose) significantly affected the number of roots per rooted culture but their interactions did not. On the other hand, the longest root length was significantly affected by IBA and MS while the effect of sucrose was not significant. Here interactions were also statistically significant except the interaction of all three factors.
On the base of obtained results we consider agar solidified medium with IBA 1.0 mg l -1 , 0.5 MS and sucrose at 2% as optimal for rooting G. dinarica (Figure 1e ). Although the rooting percentage was fairly low (53.95%) the number of roots per rooted culture (5.83) and the length of the longest root (~13 mm) supported good acclimation in the final step of the propagation procedure (Figure 1g) .
Liquid medium provided rooting in some 30% of shoot explants. Plantlets on these media had thin, short, and gentle roots and elongated fragile shoots making them unsuitable for transfer to soil and acclimation. In trials with liquid medium IBA did not decrease the root length, number of roots per rooted shoot, or rooting percentages (Table 3) .
Rooting on NAA supplemented medium was accompanied by strong callusing at 0.5 mg l -1 and higher concentrations (Table 4) . Roots initiated on NAA suplemented media remained very short (Figure 1f) . Therefore NAA can not be recomended for rooting of G. dinarica as in G. acaulis and other Gentiana species [3] . Decrease of MS salt concentration improved the rooting percentage. However, analysis of variance showed significant difference only for NAA, not for MS or NAA/MS interaction foreither the number of roots per rooted culture or the root length.
The effect of the medium's mineral composition (MS vs WPM salts) was additionally investigated using PGRfree medium (Figure 2a,b,c) , keeping in mind that the WPM is the medium of choice in some Gentian species. Half strength MS was far superior to WPM providing higher rooting percentages and also higher number of roots per explant. Even 0.25 MS was superior to WPM although they both have similar ionic strengths. Decreased concentration of mineral salts and sucrose also stimulated rooting in G. punctata [7] and G. cruciata [9] . At the same time, Sharma et al. [10] reported that an increased 6% sucrose concentration worked well for rooting of G. kurroo. Although G. dinarica and G. acaulis [3] share many common morphological characteristics and growth responses they also exhibit important differences related to their propagation procedures. G. dinarica favors MS medium in contrast to G. acaulis which grew better on WPM [3] . They both had very low shoot multiplication index, slow shoot elongation and spontaneously rooted on PGR-free medium but NAA recommended for rooting in G. acaulis [3] induced abundant callusing and malformed root production in G. dinarica. However seed viability of G. dinarica from natural habitats was low and it had to be micropropagated in comparison to G. acaulis which was propagated from aseptically germinated seedlings [3] .
Acclimation
Rooted plantlets transferred to peat based substrate were easily acclimated. Thick, hard leaves of rooted plantlets provided good resistance to weaning facilitating acclimation. However, longterm cultivation of acclimated plantlets was difficult due to their slow growth and susceptibility to fungal diseases in the humid conditions that prevailed in the glasshouse. 
